We tested the hypothesis that higher levels of cardiorespiratory fitness are inversely associated with carotid artery intima media thickness in 746 (age 53 ± 7 yrs) men with type 2 diabetes. Methods: We measured common carotid intima media thickness and defined carotid atherosclerosis as a carotid intima media thickness > 1.0 mm. Cardiorespiratory fitness was directly measured by peak oxygen uptake using expired gases analysis during a standard treadmill test. Results: Cardiorespiratory fitness was independently associated with common carotid intima media thickness in multivariable regression (β = -0.15, P < .05). After adjusting for established risk factors, high and moderate cardiorespiratory fitness were associated with lower odds ratios for having carotid atherosclerosis-0.49 (95% CI, 0.30-0.81), and 0.59 (95% CI, 0.38-0.92), respectively-as compared with low cardiorespiratory fitness. Each 1 metabolic equivalent increment higher cardiorespiratory fitness was associated with 27% (OR = 0.73; 95% CI, 0.61-0.87) lower prevalence of carotid atherosclerosis. Conclusions: These results suggest that high cardiorespiratory fitness is inversely associated with common carotid intima media thickness in men with type 2 diabetes.
Type 2 diabetes is a major risk factor for the development of atherosclerosis and cardiovascular disease mortality. 1 Conversely, high levels of cardiorespiratory fitness (CRF) have a strong protective effect against cardiovascular disease mortality in patients with type 2 diabetes. 2 Although several potential mechanisms have been put forth to explain the cardioprotective effects of high CRF in type 2 diabetes (ie, improved insulin resistance, reduced inflammation, and reduced adiposity), 3, 4 these mechanisms do not fully explain the cardioprotective effect of CRF in this patient population.
Carotid artery intima media thickness, an index of subclinical vascular damage and advancing atherosclerosis, is associated with increases in cardiovascular disease events and mortality. 5 Atherosclerotic macrovascular disease is the leading cause of death in type 2 diabetes and carotid artery intima media thickness (CIMT) is increased in patients with type 2 diabetes. 6 Accumulation of cardiovascular disease risk factors causes endothelial damage, a causative factor in the pathogenesis of atherosclerosis and regular physical activity is related to lower cardiovascular disease risk factors and improved endothelial function. 7, 8 The purpose of our study was to test the hypothesis that higher levels of CRF using directly measured peak oxygen uptake are associated with lower levels of CIMT in patients with type 2 diabetes mellitus.
Methods
Men who visited the Samsung Medical Center in Seoul, Korea between January 2009 and December 2009 for routine medical examinations were included in this study. These screening examinations, used for disease prevention/early detection purposes, consisted of a general physical examination, anthropometric measurements, body composition, blood pressure, chest X-ray, electrocardiography, blood analysis, carotid and/or abdominal ultrasound, and an exercise stress test with concurrent metabolic gas analysis. All tests were completed in 1 visit.
From a total sample of 8215 men who undertook both exercise stress testing and carotid ultrasound examination, we included 746 men with type 2 diabetes (age 53 ± 7 yrs) who were without angina symptoms, abnormal electrocardiography changes during exercise stress testing, or a diagnosis/history of coronary heart disease, and stroke. Diabetes was defined as a fasting glucose ≥ 126mg/dl or self-reported use of an oral hypoglycemic agent. Informed consent was obtained from all patients before health screening and the study was approved by the medical center institutional review board.
Blood samples were collected in the morning following a 12 hour overnight fast. Total cholesterol (TC), triglycerides (TG) and high density lipoprotein cholesterol (HDL-C) were analyzed enzymatically using a Hitachi 747 (Tokyo, Japan) analyzer. Low density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. High-sensitivity C-reactive protein (CRP) was measured using a CRP (II) Latax × 2 turbidimetric method (Hitachi Corporation, Tokyo, Japan). White blood cell (WBC) count was determined using a quantitative automated hematology analyzer (Sysmex Corporation, Japan). Glucose levels were determined using the glucose oxidase method (Hitachi-747, Tokyo, Japan). Inter and intra-assay coefficients of variation were < 5% for all blood variables.
Cardiorespiratory fitness was determined from a treadmill exercise stress test using a Bruce (patients aged < 65 years, n = 717) or modified Bruce (patients aged > 65 years; n = 29) protocol. Expired gases were collected breath-by-breath using a 1-way valve and analyzed using a metabolic cart (Jaeger Oxycon Delta, Erich Jaeger, Hoechberg, Germany). Oxygen uptake data were measured in 20-second intervals. Peak oxygen uptake (VO 2 peak, ml/kg/min) was defined as the highest value recorded during peak exercise or immediate recovery. Exercise ECG was measured using 12-lead ECG (Q-4500, Quinton, Bothell, WA, USA). Exercise tests were stopped for any of the following reasons: a rating of perceived exertion > 17; if the man achieved > 90% of age-predicted maximal heart rate or if the man was too fatigued to safely continue walking on the treadmill; >250mm/Hg of systolic blood pressure; typical chest discomfort; severe arrhythmias; or more than 1 mm of horizontal or downsloping ST segment depression.
Carotid artery ultrasound imaging was performed using a high-resolution B-mode ultrasound system (Logiq 7, GE Medical System, Milwaukee, WI) with a 5 to 13 MHz linear array transducer. Common carotid artery intima-media thickness was defined as the distance between the leading edge of the lumen-intima interface to the leading edge of the media-adventitia interface of the far wall of carotid artery. All measurements were made at end diastole. The intima media thickness of the common carotid artery was obtained 10mm proximal to the carotid bifurcation. The overall maximal CIMT was defined as the mean of the maximal CIMT and averaged for the left and right sides. An average CIMT of >1.0 mm of the carotid arteries was considered indicative of carotid atherosclerosis. 6 The intraobserver coefficient of variation for CIMT in our laboratory was 2.3%.
Data are expressed as mean ± SD for continuous variables and proportions for categorical variables. Group comparisons by fitness levels were performed using ANOVA for continuous variables and the χ 2 test for categorical variables. The peak oxygen uptake was used to classify participants into low fit (<20%), moderate fit (20% to 60%), and high fit (≥60%) categories based on age-specific peak oxygen uptake percentiles. 9 Pearson's correlations and multiple linear regression analysis were used to determine the association between CRF and CIMT. Logistic regression with adjustment for selected CHD risk factors was used to calculate odds ratio and 95% CI s having carotid atherosclerosis. Statistical significance was set at P < .05 for all data. Statistical analyses were performed using the SPSS 18.0 (SPSS, Chicago, IL).
Results
The peak oxygen uptake corresponding with CRF categories are as follows: Low: 25.9 ± 2.5ml/kg/min, (n = 197); Moderate: 30.4 ± 1.9ml/kg/min, (n = 310); and High: 35.1 ± 2.7ml/kg/min, (n = 239). Characteristics of patients across groups of CRF levels were listed in Table 1 . Patients in the high CRF had lower body weight, triglycerides, TC/HDL-C ratio, HbA1, and inflammatory markers, higher HDL-C than patients in the moderate and low CRF (all, P < .05). In addition, patients in the high CRF had significantly lower CIMT than patients in the moderate and low CRF (0.91 ± 0.19mm; 0.97 ± 0.23mm; 1.00 ± 0.23mm, P < .05) (Figure 1 ). Peak oxygen uptake was inversely correlated with CIMT (r = -0.24, P < .05) and peak oxygen uptake was independently associated with CIMT in multivariable regression models that adjusted for age, BMI, waist girth, TC/HDL-C and CRP (β = -0.15, P < .05). The prevalence of carotid atherosclerosis (>1 mm of CIMT) was 34% (n = 254). The prevalence of atherosclerosis was inversely associated with CRF (low = 43.1%; moderate = 33.5%; and high = 27.2%; P < .001 for trend). Table 2 reports logistic regression analysis by groups of peak oxygen uptake. After adjusting for age, smoking, BMI, waist girth, SBP, TC/HDL-C, HbA1c, antihypertensive medication, WBC, and CRP, high and moderate CRF were associated with lower odds ratios for having carotid atherosclerosis 0.49 (95% CI, 0.30-0.81), and 0.59 (95% CI, 0.38-0.92), respectively, as compared with low CRF (Table 2) . Each 1 metabolic equivalent increment higher peak oxygen uptake was associated with 27% (OR = 0.73; 95% CI, 0.61-0.87) lower prevalence of carotid atherosclerosis in multivariate logistic regression analysis. We conducted further statistical analyses in a subset of patients with > 8% of HbA1c values (n = 154) to see whether the association between CRF and CIMT remained. The mean CIMT was significantly lower across incremental thirds of CRF levels (Low 0.99 ± 0.24, Moderate 0.97 ± 0.26, High 0.86 ± 0.16, P = .023). Peak oxygen uptake was also inversely correlated with CIMT (r = -0.25, P < .05).
Discussion
We found that higher levels of CRF are inversely associated with CIMT in patients with type 2 diabetes mellitus and men with type 2 diabetes with high CRF are less likely to have carotid atherosclerosis. This relationship is independent of established risk factors. Carotid intima media thickness is significantly increased in type 2 diabetes compared with those without the disease 10 and atherosclerotic macrovascular disease may play a causative role in cardiovascular disease in type 2 diabetes. 11, 12 Thus, controlling or preventing subclinical atherosclerosis in Note. Data are mean ± SD.
* Median (interquartile range).
Abbreviations: BMI, body mass index; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1C; CRP, c-reactive protein; WBC, white blood cell counts. patients with type 2 diabetes is important to prevent further acceleration of cardiovascular complications. Although high levels of CRF have a strong protective effect against cardiovascular disease mortality in patients with type 2 diabetes, 2 the underlying mechanisms are not fully understood. Several studies have suggested that high levels of CRF are associated with improved insulin resistance, lipid profiles, blood pressure, endothelial function, reduced inflammatory markers, and adiposity, 3, 4 all of which are risk factors for the development of carotid intima media thickness. 11,13 Therefore, we hypothesized that high CRF would be associated with low CIMT in patients with type 2 diabetes. To the best of our knowledge, this is the first study to report that high CRF are associated with low CIMT in men with type 2 diabetes.
Recent reports note that CVD risk reduction by physical activity cannot be fully explained by reductions in traditional cardiovascular risk factors. 14 A substantial part of physical activity-related CVD risk reduction may be mediated by improvements in arterial function. 15 Therefore, our finding may provide important insight regarding a possible underlying mechanism explaining the lower incidences of cardiovascular events in diabetic patients with higher CRF.
This study has several limitations. We cannot determine causation because of the cross-sectional nature of our study. Our database did not contain information about duration of diabetes and length of drug treatment, so we were not able to account for disease severity. We do not have information on statin use. While aggressive statin therapy has been shown to affect progression of CIMT in diabetic patients, 16, 17 conventional statin therapy has been shown to have no effect on CIMT. 18 Whether statin use confounds the association of CRF and CIMT in men with diabetes requires further scrutiny. It would appear that our overall cohort had fairly well controlled diabetes as reflected by HbA1c values ~7%. In a subset of patients with poorly controlled diabetes (HbA1c values > 8%) CRF was still inversely correlated with CIMT. Therefore, it would appear that higher levels of CRF are inversely associated with CIMT irrespective of diabetes control. Further studies are needed to clarify the association between CRF and CIMT based on HbA1c levels. In spite of these limitations, strength of this study resides in our direct measurement of CRF via metabolic gas analysis, the gold standard for CRF appraisal.
In conclusion, these results suggest that higher levels of CRF are inversely associated with CIMT and prevalence of carotid atherosclerosis in type 2 diabetes. Future studies are needed to prospectively evaluate this association in large population samples. 
